A b s t r a c t
Introduction
Nowadays, laparoscopic adrenalectomy is the gold standard in the management of adrenal gland tumours qualified for surgical treatment. There are multiple reports univocally proving the superiority of this technique over the classical approach [1] [2] [3] [4] [5] [6] [7] . Recently, initial reports on the possibility of using single incision laparoscopic surgery (SILS) in these cases have emerged. SILS is a surgical procedure performed using a single incision in the umbilicus. This reduces the trauma and therefore decreases the need for analgesics in the postoperative period and greatly improves the postoperative cosmetic effect. There are multiple publications regarding this method that unambiguously support its use. However, to date they have regarded mainly cholecystectomies [8] [9] [10] [11] [12] .
Aim
The aim of this study is to present the initial experience with SILS application in adrenal gland tumour resection.
Material and methods Patients
From February until May 2010, 7 patients treated in the 2 nd Department of Surgery of the Medical College of Jagiellonian University were qualified for SILS adrenalectomy. The group consisted of 5 females and 2 males. Mean age in the group was 54.4 years (31-68 years) (Table I) . Four left and 3 right adrenalectomies were performed using the SILS method. Presence of an adrenal gland tumour confirmed by imaging was the indication for surgery. In 6 patients the tumour was hormonally active and in 1 patient it was not. The rationale for surgery in this patient was increase in the tumour size from 23 to 35 mm during the 1-year observation, based on imaging (Table II) .
Patients signed informed consent to the proposed treatment and were qualified for adrenalectomy by the SILS method.
Methods
Prospective analysis of the material consisted of such parameters as:
• length of procedure, • frequency of complications, • blood loss in the perioperative period, • need for conversion to multiport laparoscopy, • length of hospital stay.
Procedures were performed using transperitoneal access with the patient lying on the right side for left adrenalectomy and on the left side for right adrenalectomy ( Figure 1 ). The body position was stabilized using gel pads. After making a 3 cm longitudinal incision in the umbilicus, a SILS port (Covidien) was introduced and the pneumoperitoneum was generated. A 10 mm laparoscope with 30° angle optics was introduced through the port. No other pathological changes were found during the inspection; therefore other instruments were introduced. In the case of left adrenal gland operation, tissue preparation started with mobilization of the splenic flexure of the colon ( Figure 2) . Next, the phrenicosplenic ligament was dissected, mobilizing the spleen and the pancreatic tail, which enabled visualization of the left adrenal gland (Figure 3) . Following dissection to free the left suprarenal vein and its outlet to the left renal vein, it was clipped with a medium size clip using a 5 mm clip applier ( Figure. 3). Superior, middle and inferior suprarenal arteries were provided for consecutively. The adrenal gland was dissected from surrounding tissues using a harmonic scalpel (Figure 4 ). Mobilization of the liver's right lobe was necessary during the right adrenalectomy. The right suprarenal vein near Table I . Study group characteristics Table II . Characteristics of patients subjected to SILS adrenalectomy
* Two additional trocars introduced
Preliminary experience with transperitoneal SILS adrenalectomy its opening to the vena cava inferior and superior, middle and inferior suprarenal arteries were catered for. After complete resection of the adrenal gland it was placed in the bag and removed through the opening in the umbilicus. The umbilical wound was closed with layer sutures.
Results
Total operative time from the incision to the skin closure varied between 70 and 150 min. In one case introduction of two additional 5 mm trocars was necessary. It was caused by difficulties with support of the mobilized spleen, so that it would not fall into the operating field. In this particular case the operation time was the longest, reaching 150 min. During all the procedures, instruments with a flexible tip were used, mainly because of their increased length, although the bending option was rarely used. Total blood loss during the procedures varied between 10 and 20 ml. On the first postoperative day, in all patients, a control abdominal ultrasound scan was performed and in none of them was free fluid in the peritoneal cavity confirmed. Patients were cardiopulmonary competent and no episodes of blood pressure drop were observed. Virtually no pain episodes were reported. Oral alimentation was introduced on the first postoperative day. Hospital stay following surgery averaged 1.7 days (2 patients left hospital on the first postoperative day, the remaining patients on the second day). There were no distant or local complications observed in the postoperative period. . They were: Cesar Roux, professor at the University of Lausanne, the most remarkable student of Theodor Kocher; and Charles Horace Mayo, one of the founders of Mayo Clinic in Rochester, who only a few months later performed the first adrenalectomy in the USA for adrenal pheochromocytoma [14, 15] . Open adrenal surgery was the gold standard for almost 70 years, and the technique of the procedure was only slightly modified over this period of time. Along with the development of laparoscopic surgery, adrenal surgery changed. The Canadian Michel Gagner performed laparoscopic adrenalectomy for the first time in 1992 [16] . This procedure was very well received by endocrinology surgeons and undeniably revolutionized the approach towards operations on patients with adrenal gland pathology. This technique led to the improvement of treatment outcomes, decreased the percentage of complications and thereby allowed faster patient recovery following surgery. Endoscopic surgery using access through the natural body orifices, one of which, according to some authors, is the umbilicus (natural orifice transluminal endoscopic surgery -NOTES), since the beginning of the 21 st century has constituted a dynamically evolving branch of surgery. Procedures using the umbilicus as the peritoneal cavity access were first described in 1999, and the organ that focused attention on its use was the gallbladder [17, 18] . Until now, there has been no uniform nomenclature for operations performed with this technique. Hence, in the literature one can come across many terms for the same technique [11, 12, 19] . In the past 10 years there has been substantial progress in the technique, and worldwide apart from cholecystectomy also information on successful appendectomy appeared [20] . Moreover, single reports on splenectomy performed with this technique, large bowel resections, nephrectomy, bariatric procedures or inguinal hernioplasty can be found [19, [21] [22] [23] [24] . In 1996, a German surgical team led by Martin Waltz performed the first laparoscopic adrenalectomy via one incision from a retroperitoneal approach (single access retroperitoneoscopic adrenalectomy -SARA) [25, 26] . During the manuscript preparation only a few publications on adrenalectomy performed by the SILS method via transperitoneal access appeared [27] . Operations using the new method are frequently considered to be a challenge for the operative team. Performing a cholecystectomy was the first step to learn how to operate on the adrenal glands using SILS. The relatively short learning curve of this operation as well as good results persuaded us to attempt laparoscopic adrenalectomy with this technique [28] . In our centre, we prefer laparoscopic adrenalectomy performed via lateral transperitoneal access, which is the most commonly used access in adrenal gland surgery worldwide, and the performed SILS operation can be seen as a development of this method. In 2006, Gumbs and Gagner presented an analysis were they took into account 19 reports regarding laparoscopic adrenalectomies, having included at least 100 patients (2565 patients in total). In 70% of cases adrenalectomy from the lateral transperitoneal approach was the method of choice, in 20% adrenalectomy from the retroperitoneal approach was performed, and in 10% from the anterior transperitoneal approach [35] . We performed our first laparoscopic adrenalectomies in 2003. Since then 250 such operations have been performed [29] [30] [31] [32] [33] [34] . Broad experience in the "classic" laparoscopic adrenalectomy was undoubtedly a substantial factor allowing for the shortening of the learning curve of the new operative technique. Despite the fact that individual steps of the operation were similar to the procedures using a higher number of trocars, we noticed several differences in the SILS method consequent to the arrangement of working instruments. Relatively short patients were qualified for surgery. It becomes of our concern if the laparoscope and instruments introduced through the umbilicus would allow free and easy preparation in the diaphragm proximity. Additionally, we started operations by the SILS method with the tumour of the left adrenal cortex because of the anatomical relations (presence of liver) on the right side, which undeniably constitutes a factor impeding operation. It is also important to point out the quite important fact that there is different tissue retraction in operations via the SILS technique, which can cause some difficulties at the beginning of learning the method. Time of the described operations varied between 70 and 150 min (in a patient who required insertion of additional trocars) -mean 104 min. This is comparable with our observations regarding "classic" laparoscopic adrenalectomy. [38] . During the SILS adrenalectomy we recorded 10 to 20 ml blood loss. Porpiglia et al. reports that it was around 100 ml [39] . Both analysed parameters (mean time and blood loss during the surgery) are slightly lower than in the other authors' reports, concerning classic laparoscopic adrenalectomy via lateral transperitoneal access.
Tsimoyiannis presented a study comparing the analgesic requirement in subjects in whom "classic" laparoscopic cholecystectomy and the SILS procedure were performed, concluding that their use was significantly lower for patients who underwent SILS [9] . To date there are no reports on this problem in the case of adrenalectomy. However, we noticed that patients treated by the SILS method reported less pain and lower need for analgesics. Also, it appears that they better tolerated the postoperative period and mobilization. Nevertheless, for the time being, these are only subjective observations that require verification by comparisons in a larger group of patients.
Conclusions
The presented procedures of SILS adrenalectomy via transperitoneal access, to our knowledge, are among the first in Poland. These operations are feasible and in selected cases might provide a favourable course. Perfect knowledge of the laparoscopic technique and experience in both laparoscopic adrenal gland operations and transumbilical single incision operations allows for safe patient selection. In case of technical difficulties, conversion to "classic" laparoscopy and completion of the procedure is possible. Initial experience permits the conclusion that the SILS operation brings a better cosmetic effect. Evaluation of the number and the nature of complications as well as distant results of the adrenal gland tumour treatment would be possible following analysis on a larger group of patients.
